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A semiconductor laser includes a semiconductor substrate of a first conductivity type and having a front 
surface; a first semiconductor layer disposed on the front surfece of the semiconductor substrate and 
having a refractive index that increases with distance from the semiconductor substrate; an active layer 
disposed on the first semiconductor layer; and a second semiconductor layer disposed on the active 
layer, having a refractive index that decreases with distance from the active layer, and having a ridge. In 
this laser, the refractive index distribution between the ridge and the substrate is asymmetrical about the 
active layer so that the center of the intensity of light generated in the semiconductor laser distribution 
shifts from the active layer toward the substrate, in the direction perpendicular to the front sur^ce of the 
substrate. Therefore, propagated light is hardly affected by the refractive index distribution in the width 
direction of the laser, caused by the presence of the ridge, so that higher oscillation is suppressed 
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mm 1 m!m.^i*^m±i^SM.^tixii o . mtn^ii' 
i^iif^i^mit iiz^xmisiyTtWi i ¥mi*Mt . 
mm 1 ^im±izmu^tif^is^t . 

±K»2ii*sw*««, u •yj^W'f vmt. m^^ 

±£SS 1 4iW*MH±. m 1 SISfflOT^' 9 >y KSt* 
±ieil2^*|set±, Il2«^<0±^'7-y HSSr^L 

fc-^S^^flsW'— if. 

If. 

[0001] 

<5>ix6^*^— If fc:S8^6 h<^X'hh . 
[0002] 

[8!*<oa»l @9{±. J. Hashimoto et. al., IEEE 
J. QuantuB Electron. . vol. 33. pp.66-70. 1997-^^ 



lim^l 1-233883 

3i^$nfcfiaW)>J -y >''aiNI«cl'-if<0«IJt«:^llr® 
0 (09(a) ) Jtt/'e<7)il$*"|6l<O®^^^6*S%-t0 
(09(b) )-CJ>'5. 0tC*iV>t:, Uipffll^B. 2« 
3«pSI(JaT, p-i:«rr) GaAs«03:^ 

^'^'hJB, 4J4-t<^)±SS**L'-if*SSS^*l^fc:®t^* 

>?.h5>fr*^c^'J /i^'}^$r*L.t:t^Sp-Ga I nP 

<^±.^^ y Vm. 5<±U -y v-'ifflC^r^^h'-rGa I nA 
s P1y*ht/:hm2i!i^ H«. 6iiU «y i^'IBKor >- H-r 
GaAs*»<?,55r6lgl;<f>f HJl, 7«:S1ta. 8JiU «y 

mmryY^—yGsiP^-siyh^hmiii^v^M. 9(i«j 

:^ffl|tfOr>'H-:7'Ga I n As P*>^>^:SII2Xr-f H 

S40U ^'jmk^^vx^^h^^b<r>w-^ii^n\:^xh 

hnmiiXT. n-kiirr) Ga I nP<?)T^'9 yH 

1 H±n-GaAs<^>'-<-y7re, 1 2J4n-Ga 
AstfOSK. 1 3{±nffl!l«fiiTi>l). 
[00031 iJcK:lM^fc-:><'^'CSiB^'& . 9 y 
4ffl!*>^iE?L**. T^'^-yHSl 0lffl*»^««^3&*iStt 

SIC i.z^x^ix. Mm^-rt ^ t izx ^xm'^^-t 

|6l(x) . at^l?$*iei(x) i:U-lfiygSSft*lftI(z) k 

[0004] fi!3l«0iN|E*U-if fc:*JV^TI4, ff $^ri6i 

(x) <oa*f*^*{i^gtte7S:'4"i:^i:L-C-e-«0±Tfc{4 
B^Si^* 5 «y l<Ji4 , 9 -y F« 1 0 CS^-S ^X 
jmiz^^-rtiio\,zLX\-^t:.. OS; 0. 09(b) (c^ 
-r J: 0 ic. 'J y v'fflllS 1 H« 6 fc 1 Y 
«8, y -yi^*IB!llg2;<r'f HS5tS«fi8ll2;<f-f H» 
9 . ±.93 '/ HJi4 kT^' 9 y 1 OM^K^tiMtSi 

[0005] 

•J -y !f ®*r*^^3&«J»?*^l*I(Cfc>'^ 

TiSttJH 7 *»feaTi«!;JPS:JS-r J: 3 ^rflBS** L-C 

STti^. 3liS§*t-?.3t{iif §*l*Jt-*i*'^'^vSttJ17*>^> 

HJS4 **«J -y v^^^r tr v^s c: k tci 0 Hi^riPifcti 

|^±c7);sai*-fli*^ii^V'>kv>d^a*<*-5;t. 
[0006] C:<0f6H^tt±ffi<0 J: o ^riiSSr^rH-rSJt 

h-ri k 3&<-C^ I. 'J y i^'«j§Srlix.;t^ 
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[00071 

tixmmti>m i ^wmt . wsi i ^*s±tcEa 

[00 081 dOlfeWKfliS^ttt^-iftt. ± 

[00 0 91 i<0l6fflfc:«S^*^— r*4. ± 

IBT^ 7 -y Hecoai»f^Sr±^' 7 y H« J: "5 < t 

[ 0 0 1 0 1 iTts i<0|IWK«S^*l'-if{4. ± 
^ 1 #^<Wi2r > m 1 IW^<OT^' 9 «y 

fccTjkL. ±£1^2^«s«?:, Il2»^«0±^9«y 

{±J?$<Od^=flr< i: t— ^r^±^ 9 y J: 0 t>:*c# < * 
[00111 c:<0||BHfc^«.^«c^-if»4. ± 

[00 121 

1 (a) ) . ai^f-tco^S^riSKOiB^r^^^**^ (0 

Kb) ) Tit^O. HttS^^T. n-GaAs3£«12± 
CSIl^NlfkHi: UT<On-A 1 -y K 

SI Oa, r^-H— ri nGaAsCOJSttWTa. Ig2 
4^*Jii:LT<0p-A 1 GaAs<0±^'9«y HW4a 
3&<JB»:iSB$il'C V^S . 5 -y HS4<0±SP»4U-'r 

b TtetCffir/S U -y i^Sit^ifh 
*l.TV^4. i<0±^'9"/HS4a<0»J'y>'a5±fc:p-G 
aAsfOay^'^'hJiSjWEBStlTfeO. ±^'9 yK 

S4 ao^aatf ny^'^' hJl3o±g5l^^^'^<o^lB{4l! 



*7t, S«l 2<0Sffi±fcU4nffl|««gl 3A<ffiaS<tT 

[00131 ««1 2®1<0T^'9 -y H® 1 0 ac^JP^R 
Xf^<rimS. 1 2ffl|oa*f^4. 'J y i^«0±^' 9 y 
4 acOJJ $ atX-f-O y >y i^'gScOftiSBiOajff^ i 0 ^ix 

a 1 0 aCOA 1 fi^^i^* 9 >y H«4 a<?5 A 1 ffl^ 

, -f-n-enostff ^^i-^j4 . vstta 7 a ii>ISn S 

J|[$:6^|6K0±^'9-yHS4ai:T^'7«y HSlOa 
fct7)|g<7)Ja^^^B**iS14a7 a*>f>l,T^^*^Jgfc=flr 

[00141 r?rfc:«Ji*afcov^T«*fc:^Bfl-tS. 

^-r. S«12<0^mfc:T^'9-yKai0a. «ttS7 
a. ±^^-yHS4a, S.tf^i^^'^' h®3 
SlirS. T:?^ <y H^l 0 ati, A 1 ffl^^ril 
«Wtc«^$-<i-SJ:dfc:(ft«$-*. ±^'7-yH«10b 
{4 A 1 mit^3iig!WtciiiP?-ii-S i dte*:^:^**. 

[ 0 0 1 5 1 iKv^r , b 9^ r»ttco«s^ 

^t, inS:v;^^k t'Ca>'^'^hJi3&t^±^'5 y 

H Ji 4 a «±g? 5r ^#?x -y f - >- L . U -y i^'J^tJ DX 
L. -7>t.:7S-|^L^^f*. S«l 2<0«iB(Ci^lS2 2: 
C:col6SyH2<03^:J'^' hS3±<0«Jt«5r3: y 

f-y^^tci OKHfeU. 5'?>fc. asi2<^)^iiillltcpfli 

[00161 »:(ci)W^lwO(,^T^W&. ±^9 «y Hii 
4 aCOU y =J^±i}^^lEnAK T^^ y H« 1 0 aiffl*> 
i»^?^3!»«iSttS 7 a tcSEASix. C TH^^-r § CI t 

[00171 3|s:||f6<OJg® 1 ift^fc^-^ 

X\i. IMLtiXoiz^ m^^jf^M <r>m^^^^-f^iS 
^7 sii)^ii>MX4mmmk^j:t i:d.mmi 2m<0T 
5 -y HW 1 0 a<OJ?$&l^)B*f*t: . U -y i^ffll«0±^' 
^ ■y h'ffl4 ai'3-e<X^tlJS<*»-^:*^<t'f V^S. ^ 

t4attS7 a*>*s>^-C U -y i^'ifflJ: 0 1 2mizX *) 
^<i/^^hXdiZ^&, CKOJti'i. ±:J'9 yH«4a 
CO'J yi^'gPi: 'J >y j^'gP<7)i^HilgPtJ)-i:<OSiff*llfc:J:-5-C 

^ t a i^ufiKDrntfrm^^ij^^^i-zn tx^x.&^m 
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[0 0 181 ^r*i» :t^Qai<o}gJilfc:iiV^-C(±. 

«y HJB 1 0 a<OJ?S&VflWf**, ±^ 9 -x He4 a J: 

7 9 -y Kii 1 0 a i:±^ 7 HJ14 a fc <0^<?DBJf^ii" 

i&^^*t«?tWfJ:<. «?9i<f> n-AlGaAsT^' 
9 -y HJI 1 0 a<0*§ ^JtJ4a*f^<0l^'fn*'— 
iJj' 9 -y HJi4 a J: 0 t>JS< ttiiHz^ < fCJSSr^ 

1 0 0 1 9 1 3|s^«^)J^ffiiH=j3V%-C<4. ±T:7 

J: -5 Lfcjfi*, T^' 9 -y Ha<0»$at^JS*f***±^' 9 
•y J: 0 1> < =5: -5 T v ''ix^ . ± 

9 -y KS<0Ji«f*l±J?S*|6ltC-^'Cft t. J: 

[0020] IISI<?5J^HS2 . 0214. *f6W<Oie»<5D» 
®2t:«S4^«s^— (f<^fi|jt$-^Bfii50 (02(a) 

) . &t^*<off$*i«n<oasf*J)-ffiS:s^-na (ia2(b) 
±ic^Sfio}g®itc^s^f^sp— rfci3v>T. «e« 

i:S^i:<0lSIt:*JlOT^' 9 >y HSr$>Smi 
^attS^tbOK. ^1 2fiB*>^>Jl<Ji:SW5ixfcn- 
AlGaAs<OT^'9-yHJ110b. ^SgijCO^SI 

CfyrvY—'TK 1 GaAs*><?>=S:l.||2;<f-< HSQ a, 

atlffitS «Li''3*«ffl!l'^^>' H-rO a A s 
lUfA HJi8a-tMftl£$il.Smi4£^¥#<4cS^a&(t& 
idtlL. $^>fc, iStta±<^±^9'yHeT*SSB2 
4i3f«£«<Oftb0l=. iStt«7a±tcM»:«Ji§^l./>:» 
Sgoi<'>'J •yi^'Oi<or>'H— 7'GaAs*>'^>=2r6lgl;iy 
>f HJB6a, ^$gu2<0U'!'s^ffll<0r>'H-7-Al Ga 
A s i)^i^^:S>m2/f>( HJl 5 a . -eiOiaWcU «y 'J^t: 
Oii.Jtp-A 1 GaAs<JD±^9-y HS4bT«^$tL 
6ll2«-^#^S«rattSJ:at:Lfct><0-C&&. » 
«ffllJBl;«r'f HS8a<7)JiJlSLi&t^iSfflllS2;<f'f H 
^9 aC0«Wgt2J±. -eil-PiX'J <y i^'fflm 1 ;«r'f H«6 
a<7immSviM/V y i^i^2:ff-{ HJ15 acJOSff gu2 
J:*)^<=5r-9ti«^&. T^'9<yHai0b. ^fflimi 
HS8a. *Kffli|SP^2;iy-f Ke9a, U-yj^'Wmi 
/f-( h'«6 a . U -y i/fflim2 ;^r-f K«5 aat/f±^ 9 >y 

x\,M, tin. mi'sm23(f-( vm9&<oA im.it 

(±. T^'9>yHSl ObCOA 1 ffi^i 0 i>®<^:-5T 
is 0 . U -y i^'fflllS 2 ;<f'f H« 5 ac7)A 1 ffl^{±. i^' 
9-y He4b<0A lffl«itJ:0 =5:-5-Ci3 0. ^ 

<OIS«, «l«^4««cJU±. ms.1 23&»fe»h.&fco 
tLTSP^tcS*f^**liJirtSI8JSfc=5r-''Ci3'5. 1^2 



fcO. WtiU -yi^iBSr, t{iJi^'9y bcOU •yv' 
B8<Ol95iJ-. ip-fe U y v^SSJili't^ii^ LT v^S . 

[0021] Z(Dmmi^V'-^it, ±E^<0»® 1 
^l^iti^f^p— »>'c7)igjt:6^lcfcV^-C, T^'9 yHiicO 
ttbOlC. ±iST^' 9 -y b'S 1 0 b . m2;<r-< r<®9 
a. l|l;if-< HJiSaSr. *7t. ±^'9 y K«<OftbO 
iZ±sm 1 ;»y-f HSe a . ||^2;»!r'f H« 5 a . 9 «y 
H«4 b £ -eix-eitlEft^-^'S. C i: J: 0 Jg^S . 

[0022] i<0^ii«>*^-ifl-i>V'>T{4, 112(b) 

>f h'JiSgLziS:. -ettmU ■y'Jmmi:^^ KJilPgui 
&t^'J-yi^'{ill2;<r-f H«^gu2<t ')J*<^6i-3l:L 
±^^9"/ HS4bi:T^'9y HSl Ob t<0S<?5«S 

'J «y v^i 0 fc»«fflltc>'7 h LX . m&miiZ^tifi^K 
^^?>fzif>. y ■yi^'gBco^tcJ:l.6(y) :*ri6j<0St»f 

[0023] aTt=MWm<r>^:ff-( He»s:i?<-r&c 

■rs. @3{±*%HBcoiisfi«o}g®2ic<^&*«*^— r 

KSS^±^'9 -y H«4 b<0*3 t Sr^L. «!ttJ4U y 

m^=t-¥<D^im^ixi>mit i»:^:-Ht>i^^$<x 

AV-i^ayfcltJV^-Cti. ±^9-yHe4b{±, Alffl 
^0. 3kL. U y i^'SecOJHWi t + 1 . 4/im, U 
•y i^'fflllg2 Xf-^ H« 5 a(4A 1 afigJtO - 2 i: vS14 
S7atiJV$2 0nm<0GaAsSS: I nMfi£it:d^0. 
1 5-CJ9S*«8nm-cai6 2Ji<^I nGaAs■C»E^^: 

S«i!im2*"'f F»9 atSA 1 ffi^ 
IfcO. 2i:L. T^'9 yH«l 0aJ4Alffl^0. 3 
•Cli$t + 1. 4*imi:-rS. fife»-C*t3ttS*J4. l> 
y i^mfH 1 H«6 a fca«fflS* 1 /r-f He8 a<0J5 
$*»ifL<0. 0 2 A« mTfc 0 . *»o U y v-'ffllim 2 J^r-^ 
KJi 5 a i: mSXSm 2 •< H« 9 a<7)J?$ 7!>*# L < 0 . 
04j«in-e*0, ®l4Ji7a<0±TtCtiV^Ta*f454i'* 

IS2;<f'f KJi5ac7)«lfSr0. 04)um, U 

KJi6a<0®^SrO. 02um. mS.mf^l:ff^ V 
MSaCOV^^O. 0 4/im. £fil(Kim2;<r^ HA 9 a 
cOJiiPS-O. 0 6Mmi:LT. ®t(f^^ffi5r02lC^-t 
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tf. t=0. 4 0/im<Oi:S«IW«aTI±U-yi^wA* 

[0024] ^:tJ. ±ieSQifi<0J^SS2l:*JV^Ti±. ^ 
1 2m<r>m\i}^ K«8ac7)®JfS,tXm2;<f^ H®9a 

[00 2 51 ifc, J::MSBii<0»IB2fcIi3V^-C{i. Stt 
^rSidtcL^:**. *^a§tctJV^t:ii. JSttJ17a<7)Ji 

[0026] ^hiiZ.^ iSttS 7 a(0±TfcS(t^>tLSXr 
H«*«3JlJJUi<0l^ifiRE-rSfc#t, ^{il<0;<f'f 
KScO V ^-f^i^lA i: ofc 6 V »{±^SBt«-* < -r S i i: fe: J: 

[00 27] tJt. J:ailJfi<5Wg®2tl3V^T{±. SIS 
«7a<^±Tfcifttt<c>itS#;i!/^ H«<0®*>f^**. -eo 

[0028] Ilift<0?»ffi3 . 04(±, *:5|H3c0^cOJ& 
BS3tCfi5S^«£V-if<^ffiJtS:*-fBf®a (124 (a) 

) . mf^<'M^-)in<nWS<^^^n^^ (04 (b) 
) Tft 0 , i<?5^<OJKJB3 a. 

^iftttSftbOt. ^ffl!t&»^.lliJ«SS*i>tn-Al 
GaAs<0T^'9"y HSl Ob. ffli»f*ni.g2 <'5S«ffl 
<0ryH— T'Al GaAsA»<?>^:SIS2^^ KJ19b. 
aifajff^nLgi <0^ffll<0r>'H— TGaAs*»A.^ 
1 fSA 8 b 1 

^' 9 •■/ H^t'*) 6^2 ^«sB<?5ftb 0 . iSttSit;: 

aAs*»/?>^r6»l;<r>f HJi6b, m4Snug2 O'J / 
i/ffll<7)Ty H— T'A 1 G^K^1yh^j:h%2iJA KS5 
b. -e^OilSt^lU «yj^l»&^ii.Jtp-A 1 GaAsCO± 



^9 .y |«a4 bT««$ixSII2«^^*«Srlfttt6 
J:dlcL^t<^TftS. 1 :<r>f HJi8b<^)Jgt(r 

^ntgi Xt^Steim 2 ;iy-f Ha 9 b (7)®J>f ^ n 
I., «. -en-ritU -y -JW^ 1 Xf^ 6 b <7)ffl^*n 
ugi atJf'J «y>'fi!llS2Xf-f Ha5b<OS»f*nog2 -t •) 

mt^hfzMzii-^rtl-^tKOA 1 fflMit5:^fl:$-t«Hf 

s«fla»i?ir^ nasb. s«ffl!i^2xr^ h«9 

b, U «y i^'illlS 1 JV'f KJi6bat/'J-yS^'ffllSI2;!r'f H 

V>6. a«ffl!im2;<r-f H«9b<0A 1 fflfiJcJtti. 
T^' 9 •/ He 1 0 b<0 A 1 i 0 t>(S< ^S:-'"^*? 
0 . U -y i^mf^2:^^ HJi 5 bCOA 1 iffl^tt. ±1^ 9 
HB4bir)A iafieJtJ:0t:*:#<=5r-5T*3 0, 

msk. iii«^^«tsi±. a«i 2*»'c>iiiii4co*t 

■caPgWfcJS*f^3&«iiflir*-SflBii:=Sr-^-rt5 0. IS2« 

^^^ma. ^jtmi af}^hmtii>i,zr>tixm^miiZ 

[0029] ±iSIIJfi<0^gB§ 1 tc: 

f^*>Oi:> T^9«y HSl Ob, 3£K«lll2/f'f HJi9 

b. atXS«lillSl;<lf-< H«8b$:, ±^'9-yH 

«<of^i:) 0 'J -y 'Jmm 1 H • 6 b . u =jmm 2 

a^\^M5h^ ±:J' 9 -y Ha4 b £ , 
:£>Zti,zX*)m&-ri>, 

[0030] ClcO^ftcP-ift-fcV^Tti, H4 (b) 
^J:dtc:»«ffl9mi;<f-< H«8b<?)S*f*nigi Si/ 
^OI®2;iy-f H®9b<0®#r*ni,g2 ^tl^tlV 
•y i^'fflUg 1 ;)y>f 6 b <r>mSr^ nug i St/ U >y i^WIS 
2;«f-^ HB5bcO®*f^nug2 J: 0»<=5rS J: ^(cU 
i^'^-y HS4bi:T^5-y KBl ObtoHco. 

&3te«03K56S^^**vStt«7 a{;StL.-C««fflltc:v-7 h 
\^X.WRmiZ^f^<^^-thtz>ih>. U y i^'SBcoflPffi 

[003 1] ^fc, ±iKisto}gif3tc*3v^T{±. a« 
mnm 1 ^'f HS8 b m/m 2 ;<f>f 9 b coasf^sr 

-e-fL^fL:^^<U3t*«, IglXr^ Ha8b*S(,^tt»2 

KB 9 b£OV>-rix*»— *«7)aJff^52r:^^ < t^c«^ 

[0032] ^ Jt, iittJl7 aCiD±Tt:ifttt<oixSXf-f 
[0 0 33] $fet:, iStta7a<0±Tfciatt'bnSXf 
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s i t fc: J: 0 mucr)i!mi:m-rh . 

[0 0 341 l:ffi||«SOJg®3fci3V^-Cfi, vStt 

s ci i: i 0 mstffyim^m-rh . 

[ 0 0 3 5 1 llli<0J^4 . 05(i. 2(s:31HBcO^<7)jg 
JiS4t=ffiSim»fl£W-1f<^Jt*^^iiS@ (05 (a) 

) , S.f^-e<Olf$*|6l<oat»f^^5i&5rr0 (05(b) 
)-C*>'3v C:<0llS(SO}g®4lc;^S^#:W— ifJi. 

SSrSttl>fU>'3(:. SKI 2Jffl*»ic>M<>^Six:^n 
-AlGaAscOT^'9>yKJilOb, m^Sn, ffl*f 

ui. JgJf^nugi eO'J •yi^'ffll<7>r>'H-rGaAs*»^> 
^:6»l;<f-^ HS6c. ^S«o2. a*f*nog2 <OU-y 
j^ffll<OT>' H— TA 1 GaAs3&»^>^:6g^2;*f'f ¥fS5 
c. •yi^'SK2r(i;c^:p-A 1 GaAs<0± 

-y H«4 b-CfllB£S<xSSg2«^^«sflS:ia(tS 

gLia.t^»gfflllB2;<f-f HJi9c(0«J?gL2<4. 

2)tf-( Ha5c<OSSgo2J:0»<^:-:>TV^S. 
mxr-f HJaSctOJTOf^nLoi &l^«fiBSS2;«r-f h 
«9 c c^a^^DLgj <i, -earn 'J -y l ;<r-f h 

«8c, S«ia!im2Xr^ H«9c, Uvv'fflllSliy'f H 
«6 catf U •y>''ffl!im2;<f-^ H«5 c<^. -tix-TixtOJI 
S*-|nl<OJBt»f^i— i-t, »KfflllS2;<f-f H 
S9c<0Alffl^{l. T^'5>y H«l Ob<OA liffl^ 
JtiO tffi<=5:-5'CfcO. 'J-y>»flBll2;er'n<Ji5cc») 
A 1 latSJta. ±25' 5 y HM4 bc?5A 1 fflfRiti 0 t::*: 
#<^r-?TfcO, mi^«c«t4*«ei 2*»<c>I!lixSt: 

2iNitfWi{i^g1t«7 a*»<c>SlfLSfc:o*fCa®WfcJB 

mi. 2t m-Vf^m-t tiim^-r^m^^ lt 

[00361 ^co^^ttcl^— »f<±, ±JEIIifi<7)}^B5 1 



■ftijOfc:. T^9"yH®10b, S«ffl!S52Xr-f H«9 
c. aiXS«ffl!im 1 ^-f H«8c*, iJt. ±^9>yH 
ScOfti? 0 y -y i^'ffllll 1 ;<^>f 6 c . U y i^'lillg 2 
Hffl 5 c . i^' 9 -y He4 b -fix-etl^^KS-li: 

[00 37 1 CKO^f^W- ift::fcV*T{i. 05 (b) t 

J; 3 ic««ifflii 1 >y 'f H JiJP g L 1 Rx/mnrnm 2 a 

&t^'J y>'ffllS2;>y'f KJiJPgo2iOJf<=5:&±ofc: 
L. Skills l;<f'f h'Ji8a<7)a!>f^nLg, &!/ 
affi[IBISS2;<f'f h'Ji9ac0JS*f*nt,g2 5r, -^ixmU 
•yi/'MSSl ;y>f H®6 b(OB#f*no,i at/^U -yi^'fillS 
2;<r-0'«5bc7)®Sf45hog2' <£ 0::*:^ <^S J:atcL 
T. ±^'7-yHJi4bi:T^5-y VSlObfccOH^T), 

^ffl|fci^7 h . U -y i^'ffllJ: 0 t>S«ffllt:3l6**^< 
^^ht:.^, U-yi^'SScO^RttwiSIKy) ^risa^oajf 

[ 0 0 3 8 1 isimminmuA ictii^-cti. s« 

ai<om 1 XT'f HJi8 c at^ll2:iy'f HS 9 c (^m^&X/ 
m^m^V >y v-'ffllcolg 1 ;iy-f cRX/m2:ff^ YM 
5 c lc*tLT-?-timJ|t< < t7t*«. ^ 1 

>f KJi8c*SV^tilg2;<r^ l<e9 ctf5V^-r*t*^*"«0 

[00391 i/c. «ttJ17ai7)±TlCiStt^>ixS;^-< 

[00401 $<c>tC. a<r>±.T(iZm.if^tl^^ 
A H®*«3®iJlJi<0lg»»rSi:^t. ««fiB<0;«r^ 

»< i/c{±::*;# < "TS ^ i: 0 |Sia«0$&«$r^-f I. . 
[00411 ±i2SI«g<0?gll{w*3V^T«±. vSttW 
7 a«o±Tt=Sttfe<xS«-;y^ HSioStif^s**. ^<nm 

X\i. ?Stt«7a(0±Tt:i5ft'?>tLS#>5f^ Hflcoajf 

jf < -r I. ^ t J: 0 iBiaico$!)«?r ^-r & . 

[00421 mUkfrymmS . 06<i, 2(s:f^Bfl<;o*Sg<7)J» 

msiiZ%h^illfX^--f<ni(mi:n^i^M (06(a) 
) , atX'?-^W?:fri*i<oS*f^*^*^ (06(b) 

)XhK). ^c0^cO}^®5t^-&¥«*^-i^«4. 
k S«k <^iaK«®«OT^' 9 -y H Ji-C* Sll 1 
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tc'CJ>l>n-Al GaAstOT^'^ /HWlOc, Sffi 
m(OT>\^—-rA I GaAs*»4>irS|pf2;y-f Ha9 

d. at^jssgi,. ssr^iiLgi <^)a«fflir> H-ro 
ma d Jisatxst)f^*<^ t-rsis v •/ i^'iaior > h 

-rGaAsA><i,^Smi;<f'f H«6d. S^ffl!im2;!r 
-fHS9di:li[$ &tfJSSfJ|S3&«P t-Cfc 6 U >y s^'IBS^T 
>'K— rA 1 GaAs*»/9^rSSI2Xr'f HS5d. -5-<iO 
±gP(CU •■/i^SP?:ii;t3t®J»f*nuc<0p-A 1 GaAs 
<0±:5' 5 >•/ Ha4 c •C«^$ixSm21g-&iii««sa5£-S 

9-)'K)14ci:<!0Alffl«Jt**ar«.J:^fc:UT. T^' 
^•y HJll Oc<7)SSr^niJ±. ±^^7 «y K«4 c<7)JS 
*f*nuc<i:'3;*:#<Lrv^«, T^9«y K«10c, « 
«ijBlll2Xf>f HJi9d, ^fiiOtim 1 ;(f-f HSSd. U*y 
v^fflmipy-f h'Jie d. U '7'J{m2/f-( HB5 d. a 

-^ibs. ifes »gffli»2j5r^ HJi9 ccoA 1 m& 

0, m2«^^iWiJ±iSttJi7aA»/5>«iit6fc-?iiT 

-y KSl 0 c , ««fflill2;<f-f h'Ji9 
d, aV»«fflim 1 ;<f h-«8dSr. ^7t, ±^9-y K 
e<Oft*>0fc:y'yi^'ffl!BH;<f^ H®6d. Uyi^ffl|»2 

V^Tti. 06 (b) fcSrridt. T^9'yH«10c<0 
®«f**±^' 9 <y KJi4 c <r)S«f* J: ♦)<>:*:*< Lf , 

9 -y YMA c t Tr? 9 -y KJi 1 0 c tco^c^), vi§tt 

^KMSl^^tl^^'iiMl a<J5±Tfc:*JV^T*«fflfc:j^7 h 
«RtfcJ:S(i(y) *Iii|<OJa^^=«<0|^«^:Sttfc:<< 

±iasafeo3^ifcisi«<^«»*«ra?-*-s. ±tz. 

2{E9lifec3Wgffii5KfcV^T«iT^'9 y KJl 1 0 clc^<<0 

hOTM-^-HMx) C^S^ffi (Far Field Pattern : 
FFP) ACBK^rO. fe««teJi$*l6lFFPi:i|i:6-|&l 
F F P coJt-Cfc^) r X^^' h Jt;A<<^T %ht\^oWk 



[0045] m,z^ 5 tcoviT . ms.1 2 

fflliOT^' 9 y KS 1 0 c <0®*f*S::#:# < & fc tc i 
[0046107 \i^WR(r)mil^(mm S 

jiu-yv-'iiiw^r^LTv^s. t.iz, ^mf^wmi. Ci 

<0j|[§ t i: U -y j;«SWi:*»^,. ajS®*f*&«rfflV>Tlh 

COv-SaI — 3 VizauXM. ±^9«yHW4c«, 
Aia^O. 3i:t. V ••/ =J^<7)±^ =7 'y)<m 4 c CO 

mm±t + i. 4Mm, V"/>'mm2?(f-( }^m5diiA 

lliCSJtO. 2i:L. ^i$S7a(iJ9$2 0nin<7DGa 
Asli^I n«[«Jt3&*0. 1 5-C^S*«8nm-C*?>2 

I n G a A s •C•t?^it'«^#Ffi!Jt i: L . 
2;!r'f HJi9at±Alffl{£Jt0. 2 fc T^'^ y 
lOattAlffl^O. 3*3tt40. 28tL. ^<r)m 
t«S-t + l. 4/xnii:-rS. igtt»7aO±TtCJSI(^T 
SSf*»-^B*Wx^Jl^s m*>±^'7-y K«4 c tT^' 
9 -y HS 1 0 a fccOA 1 ffl^*<|lIt-Cfc-5TStff**< 

i5\<^xmtfrm^mmim.^j:^. m*>±.i^ 9 -y KJi4 

cJ:0t>T^'7-y FBI OacOA lffl^**/h$<, @ 

[00471 iiT^' 9 -y \^m<r>mvr^i:4mwm.'^zt 

h b . immi&X'h t m^(,zit^xm:$^=e- k 1 1 

K. t = 0. 4 0jum<Of:#*4«sHBfC{±U-y>'i|i|w*« 
*«;3. 5Aim{cii*3!)^&ScO{ci^L-C, ^mfmMXii 

m. i5Mmt^j:i>. ^'oxmi<omm2<om^tm 

[0 04 81 ^rti. *|ISficOJg!B5fcfc»-^T«. 

>y 1 0 c coat)f*cO;^ifr±^ 9 -y c coSff^ 
tCj*L-C::*:^< LT, )S«f^^BOvStt®7 acO±T-C 

Ji*f4ESrPi«j?fc-rS i: i: t (;:««ffll<0^ l K«a 

y;||2;<f-f HS?:±iailSfi«0)^ffi4l35^-rJ: a^liiSt: 

[00491 mM^<mf&6 . 08U, :^w'M<^y^(m 
meizght ^i^u-^conmt: Trrmmm < h s (a) 

) . R(/'i:Com^-fj[^(r>m9r^^i7Frtm (128(b) 
)T'«>0. c:<olliSco»S6tw«&#««c^-ifli, 

S6Sratf)3itr<J:-3fcs n-GaAsCO^T'o-y^'Jil 



(8) 1^^11-233883 



<r<0'e;^^^fflir^t'ea:^D-y^'jgi4i&lfflW«S 
i: J: 0 fc 36<-e# S . 

[00501 ;i<?>j: oi&iisitf^jeffiefc^sma^^^u 

10 0 5 1 1 5cfc. 2|s||Jfico»SI6tt*iV^t:Ji. ±feii 

^« 1 4•cffli«i^'ca^6ii;^<^u -/ visco^wcw— <f 

[0 0 5 21 ilJts 3|s^<^}^®6fc:t}V^T<±. mfflT" 
o y ® i: UT n - G a A s S^^fflv J: a fc: L./i*«> 

^:K<OS&*i&^-r 6 . ±^ ^ >y H» J: 0 t A 1 « 
^cOSV^n-A 1 GaAsl^T'Q.y^'gSratt'rJi 

[0 0 5 31 ^fe, ±ffiSlii<0B®l~6tCfcV'>T{±, 

>yi^*±»tw«ifc|g2^«Jii:i&«J«^S, T^' 

9>y KB. ^(fflWgfl . Il2<7);<r>f U <y>'li<0 
mi. ^2y(f-( t)t«±^5 -y H«c>Dii'=5r< fc t 

mi¥«*B. &t/YSttJi±<^ig2^ti«*ji<7)®#f* 

[00541 Jitff$^r^<7)^f*:l^-iriCOV^T , t 

[00 551 JJSIIte<^®l~6lC*5V^Ttt, 
T^'9'y b'Jl, mmffifSl > IP2<0;<r-f HJB. U -vi^ 
IfflcOSIl s ll2;<r-< ay^±^'9-y HJi*«A 1 Ga 



[00561 tti. ±fSSIM50»lBl~6fc:fcV^Ttt, 

Sffi**GaAs*>/c,^r6^tC-PV^TittBBL)t*^ 

[00571 

1 t.u^i ¥^im±izms^titzm^ 
t. mimm±izmm^nxiiK) , a*f^**±ie«it« 
i)^(>mh.i>iz'z>tixmii^i>. -e<o±gs*<»; yi^^s: 
*^6m2i|i»*sf: imtxis 0 . ±iB^*a<R<o 

^ 7 >y K®<7) y v-'gg t y -y i^gS^i'HfflSf t cO®^^ 

[00581 *7t, Z<7>^liZX1Ui. ±EIBl4^«c 
SSr . IS 1 ^mScOT^' 7 -y b'S t . KT^' 7 -y HS± 

m2^iiimi:. y -y i^W-f HSi;. M;>!f^ HSitc 
Ea$<l/im2»l^<0±^9 >y HJii:*»<i>^r6i a(= 

t>-*&±iB'J -y i'W'f H«J; 0 t)J?< ifct±:*c# < 

[00591 ^ /s. ^:<05WBfc:J:fitf . ±ieTi?'9 «y F 
«<oa«f^Sr±^' ^ -y KSJ: LJtA>'?>, 3te$r 

[006 01 afc. CKO^fcitUf. ±IB»l^f* 
ISlSI^<0T^'9 yKfii**^St><0i:L. ± 

< i: t>-:firSr±^'5 -y Hii J: 0 < AfHm< LJt 



1 0 0 6 1 1 tit , i(0l6BBt:J:<xtf, ±!eT^' 9 y H 
a*, ®*f*5!)<ffi14Jiti6i*»-oT^^tcJiJnL.Tv^l, 

[@iii<^>ffiM^i»BHl 

[031 ::<o5|Bjc7)|iKS<oj»®2tc«6i|i»f*cL— if 

[06] z<Dfm^mm<m^&5^z&,i>^mtt:]^-^ 
[07] :z<om^er>^(r)mm5^z^h^mi^u-^ 

[08] C<0%Bg<?>5US<?)»HI6tc«S^«tW— 9* 



[031 




0^ oas a40 oas aso 
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[flr^iJia^] 

1. la Ptmm. 2. 2a 3 p-Ga 

Asa>'^'^h®, 4 p-A 1 GaAs±^5 y H 
@. 4a p-A 1 GaAs_h^'5'y HS. 4 b p — 
A 1 GaAsi^'^'y Hfls 4 c p-AlGaAsJ: 
^'^ yHW. 5 U -y^ffllTyH-rGa I nAsPII 
2 ;er^ KB, 5 a l» y i^'lfflr V h'-r A 1 G a A s ^ 
2>!f^ H®. 5 b y yi^mryy^—yA l GaAsH 
2;«r-fK«. 5 c i; '/^fflSrVH-rA 1 GaAsll 
2;{f^Ha. 5d U yi/fflryH-rA 1 GaAsS 
2;<r-< 6 'J >y i^'MTy H-rGa A s^l 

6 a O-y i^mT> K-rG a A s H 1 H 
a. 6b U-yi^'CBTyH— TGaAsSPSlXf^ KJi. 
6 c 'J-y>''II!iryH-rGaAsmi?t/'^ 6d 
'J -yxOaryH-rGaAsSSlXf^ Ha. 7 a T 
>'H-7-I nGaAs^Stta. 8 S«fflir>'K-rG 
aAs|gl;<r>f Ha. 8a *KffllTyH-rGaAs 

mi:^^\^m.8h ^ifflryH-rGaAsSsixr 

-fna. 8c ««TyH-rGaAsmi;<f-^ H 

a. 8d msmTyii-rGaAsmi}(f^ 9 

^SfflHry H-r A 1 Ga A sm2;«f>f Ha, 9 a 
S«t(iryH-rA 1 GaAs||2;!y-f HBs 9b S 

«iiryH-7-A 1 GaAsm2;{r'f Ha. 9c msi 

OBTyH-rA lGaAs||2:>{r>f Ha. 9 d i£Kffi!I 
T^H-rA 1 Ga As |g2;«f-f Ha. 1 Oa n-A 
1 GaAsT^'^y Ha. 1 Ob n-AlGaAsT 
^'^'/Ha. 10c n-A 1 GaAsT^'^"/ na. 
12 n-GaAs£K. 13 nifflmS. 14 n- 
G a A s ttSfET'o -y ^ a. 



[071 




0^ 0.35 0.40 0.45 0.50 



t (|ini) 



t iftftO 
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[1121 




1 rpomi 

2:ieiUI 

4a : p-AIGaABJ:^7 9 K)i 
7a : 7> K-^lnQaAB«e« 
tOa : n-AlQaAsT^? V KM 
12 
13 




4b : p^GaAs±7 7 -7 KM 
6a: y 'yi?«i7'> K-:^AlQaA8||2^< KJ 
6a: y<yi;fll7>K-:/GaA8«i3ff-f K» 
8a : S45flI7> K-^QaA8«1 ^< KA 
9a : a(<Sffi7> K-'MGaAsK^V KM 
10b : n-AIGaABT^9 y FM 




6b: y yiJai7'> K-rAIGaA5«2:ff-f KB 
6b: i; yyfflr> K-yOaAsBl^-f KB 
8b : aMfiB7> K-:n3aABll1^< KB 
9b : MB7> K-:rAlGBABB2^< KB 



[051 



<b) 




So: iJ-yi?aiT>K-^AGaAs«23tf'< KB 
60 : U'yVffll7'>K-:^QaAsBl#-f KB 
6o:«4fiB7>K-:/GaAsBl^'r KB 
9c : B9Sn7> K-rAK3aAsies«< KB 



(11) 
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4c : p-AlQaAs^9 V KJI (m^mMixt) 
5d : *JvVm'y> K-:^AlGaAsK^< KJ 

8d : ««M7> K-:/QaA8ft1 KM 



[091 




(a) 



40. 
.6d, 



7a. 



lOe. 

12. 
13. 



14 



18] 



lalpOm 
2a:i»UI 

14 : n^MsM^tya 7 ^11 



(e) 



(b) 
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lo- 
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